Hamycin, a polyene antifungal antibiotic, was isolated by use of countercurrent distribution. A pattern was obtained by plotting the absorption at 383 m,u of the contents of the various tubes against the tube numbers. The results indicated that the antibiotic contained three fractions, a major fraction (peak 2) comprising 48% of the total activity and two minor fractions (peak 1 and peak 3) comprising 3.62 and 11.32%, respectively, of the total activity. The solid material was isolated by pooling the contents of the tubes containing the major fraction, concentrating this in vacuo, and cooling. The antibiotic activities of the three peaks were evaluated by use of a cup-plate assay method with Paecilomyces varioti as test organism. All three components showed antibiotic activity; however, the preparation obtained from the major fraction showed approximately a 7-fold increase in antibiotic activity, a doubling of the E1`,m value at 383 m,i, and approximately a 2.5-fold decrease in the amino acid content in comparison with the starting material. There was an apparent correlation obtained by plotting the curves of the absorption at 383 m, of the different tubes comprising the major fraction and their biological activities. Agitation was carried out for 3 min, followed by a settling time of 1 min to allow the phases to separate completely. All operations were carried out at 24 C in the dark.
the amino acid content in comparison with the starting material. There was an apparent correlation obtained by plotting the curves of the absorption at 383 m, of the different tubes comprising the major fraction and their biological activities.
The importance of countercurrent distribution (3) in the isolation and purification of new antibiotic preparations is well established. The technique has been used to separate endomycin A and B (9) , to identify the neomycin complex (7) , to separate Trichomycin A and B, and to crystallize Trichomycin A (4, 6) .
Hamycin, a new polyene antifungal antibiotic, was discovered in 1961 by Thirumalachar, Menon, and Bhatt (8) . Its isolation and chemical properties were subsequently reported by Bhate et al. (2) . Preliminary studies were conducted by Bhate and Acharya (1) on the purification of this antibiotic using a 50-tube Craig (3) countercurrent apparatus. The present report is concerned with a detailed study on the separation and purification of hamycin, by use of a 200-tube Craig countercurrent apparatus.
MATERIALS AND METHODS
A 200-tube semiautomatic Craig countercurrent apparatus (Quickfit) was used, and the volume of each phase present in individual tubes was 25 ml.
Agitation was carried out for 3 min, followed by a settling time of 1 min to allow the phases to separate completely. All operations were carried out at 24 C in the dark.
1 Present address: Chemistry Department, University of Houston, Houston, Tex. Solvent systems. Three solvent systems were tried: (A) the system used for the separation of endomycin A and B (1), i.e., ethyl acetate-0.1 M ammonium acetate (pH 7.0)-n-propanol (3:3:1); (B) the system used by Nakano (6) for the purification of Trichomycin, i.e., chloroform-methanol-0.1 M sodium acetate (2:2:1); and (C) methyl isobutylketone-0.1 M potassium phosphate buffer (pH 6.8)-methanol (14:10:10). Of the above three solvent systems, the one that was used by Nakano (6) was found to be the most suitable because of the greater solubility of the antibiotic in that solvent system and a rapid phase-breaking property.
Procedure. The antibiotic was dissolved in a suitable volume of both phases and was filtered. The solution was distributed in the first few tubes of the Craig apparatus. The number of tubes filled depended on the quantity of the antibiotic dissolved, but this number did not exceed 5% of the total number of tubes. For a 300-transfer experiment (Fig. 1 ), 1 g of the antibiotic was dissolved in 100 ml of each phase, and 25 ml of each phase was then added to the first four tubes. The fundamental technique (3) was used to apply the first 200 The activities of all the samples were referred to the activity of the starting material, which was taken as 100.
Isolation of compounds. The contents of the tubes forming peak 2 ( Fig. 1 , tubes 121-155) were pooled and were concentrated under vacuum at 45 C. By cooling overnight at -5 C, a precipitate was obtained. This was filtered, washed with chilled water, dry acetone, and ether, and dried in vacuo. The contents of the tubes comprising peaks 1 and 3 (tubes 10-20 and tubes 210-225, respectively), when processed in a similar manner, did not yield solid materials. Therefore, all studies of the comparison of the properties of peaks 1, 2, and 3 ( Fig. 1) were made on the liquid material. (Fig. 1 ). Allfractions were diluted suitably in methanol. Symbols: O, spectra ofthe starting material; *, spectrum of the contents of tube 138, peak 2, Fig. 1 ; X, spectrum of the contents of tube 16, peak 1, Fig. 1 ; A, spectrum of the contents of tube 218, peak 3, Fig. 1 .
Chromatography and amino acid analysis. The compounds isolated from the peak fractions were hydrolyzed in sealed Pyrex tubes with 6 N HCl as reported by Bhate and Acharva (1), except that the hydrolysis was carried out in vacuo.
The hydrolysates were chromatographed in a descending manner on Whatman no. 1 ifiter paper, by use of butanol-acetic acid-water (4:1:5) as the solvent system. The amino acids were detected by spraying the papers with 0.025% ninhydrin in ethyl alcohol. Quantitative elution and estimation of the amino acid content of the developed spots was carried out by the method of Moore and Stein (5) . All amino acids were referred to a graph based on leucine as the standard.
RESULTS AND DIscussIoN Figure 1 shows the results obtained for a 300-transfer experiment with solvent system B. The pattern indicated the presence of three fractions (peak 1, 2, and 3). The fraction of peak 3 was highly soluble in the aqueous phase and thus moved along with the solvent (K = 2.65, Fig. 1 ).
The fraction of peak 1, on the other hand, was highly soluble in the organic phase and remained in the first few tubes of the apparatus (K = 0.056, Fig. 1) . However, the fraction of peak 2 was equally distributed in the two phases (K = 0.850, Fig. 1) , and was present in the middle tubes of the apparatus. Peak 2 formed 48%, peak 1, 3.62%, and peak 3, 11.32% of the starting material, when measured as the area under each peak. The results presented in Fig. 2 and Table 1 show that the absorption spectra of the three peaks have four maxima. The starting material showed maxima at 345, 363, 383, and 406 m,u. This slight shift noted above in the maxima at 363, 383, and 406 m,u disappeared when the solid material was isolated from the contents of the pooled tubes comprising peak 2 (tubes 121-155, Fig. 1 ) and when its absorption spectra were determined.
The results presented in Fig. 2 also show that there were significant differences in the ratios of the absorption at 406 min compared with that obtained at 383 m,u; the ratio was higher than 1 with (Fig. 1 ), which were taken as 100 units per ml.
peak 2 (1.059), whereas the ratios were appreciably lower than 1 with peak 1 (0.93), peak 3 (0.8160), or the starting material (0.90).
The contents of all three peaks were found to possess antibiotic activity against P. varioti. However, the contents of peak 2 were nearly 10 times more active than the contents of peak 1 and peak 3 ( Table 1 , Fig. 2) . Also, the contents of the peak tube (tube 138, Fig. 1 ) of the peak 2 fraction were 17 times more active than those of the base tubes (tubes 105 and 184, Fig. 1 ). The antibiotic activity curve (against P. varioti) obtained by measuring the activities of the different tubes comprising peak 2 (Fig 1) antibiotic activity and absorption values was reported by Hattori et al. (4) for Trichomycin. Figure 3 shows an increase in the zones of inhibition of P. varioti produced in tube 138 (Fig. 1) in comparison with those produced in tubes 136 and 140 (Fig. 1) . The parallel relationship between the antibiotic activity and absorption curves at 383 my obtained for peak 2 (Fig. 1) Fig. 1 ). Antibiotic activities of these fractions as measured against P. varioti are presented in Table 1 . The results showed that the solid material isolated from peak 2 ( Fig. 1) was seven times more active when tested against P. varioti.
Although the amino acid curve of Fig. 1 showed a slight increase in the amino acid content of the peak tubes of peak 2, there was a 2.5-fold decrease in the amino acid content of Peak 2 as compared with that of the original sample (Table 2) . Direct amino acid estimations were also carried out on the liquid contents of peaks 1, 2, and 3 (tubes 16, 138, and 218, respectively, of Fig. 1 ) according to the procedure of Bhate and Acharya (1) . The results showed that tubes 16, 138, and 218 contained 108, 122, and 520 ,ug/ml of amino acid, respectively. Figure 4 shows the amino acids detected in the hydrolysates of the compound iso- Fig. 1 . The results indicated the presence of lysine, arginine, aspartic acid, glutamic acid, alanine, valine, tyrosine, and, in some cases, phenylalanine. Table 2 shows the results obtained from the analyses of the fractions isolated from peak 2 of a 200-transfer experiment, peak 2 of a 300-transfer experiment (Fig. 1) , and peak 2 of a double run. In the 300-transfer experiment, the solid material isolated from peak 2 gave a 2.5-fold decrease in amino acid content, an 8-fold increase in antibiotic activity, and a 2-fold increase in the Eljm value at 383 mA,u whereas the results obtained for the 200-transfer experiment showed a 4-fold decrease in amino acid content, a 4-fold increase in antibiotic activity, and a 2-fold increase in the Eljm value at 383 m,u.
